Volume 5 -Issue 1 and to solve problems that typically resulted by the reactor in lower efficiency. Some parameters are useful for the determination of flow in a reactor. Residence Time Distribution (RTD) is an important parameter to find effective mean residence time which is quite different from Hydraulic Retention Time (HRT). HRT of a reactor is calculated at the time of modelling. Use of RTD is vast in the field of fluid mechanics e.g. chemical reactors, enzyme reactors, sewage bioreactor, ponds and even in rivers. This technique works on rapid insertion of tracer in the influent and then samples are taken from effluent to calculate concentration and RTD curve [1] .
Introduction
Investigation of hydrodynamics and mixing conditions in a reactor is critical to achieve, the specifications set-up for a particular system Open Access Journal micro-organisms. Among these tracers, lithium is the best because it doesn't degrade and absorb by micro-organisms [2] .
The branch of engineering named as Chemical Reaction Engineering (CRE) that incorporates into its extension the outline of reactors utilizes data, learning the experience from fields, for example, mass exchange, thermodynamics, and analysis of finance, chemical kinetics, heat exchange, and fluid mechanics. Generally, the modelling procedures associated with CRE build up the idealized environment, with presumptions of slug flow in Plug flow reactor (PFR) and ideal mixing in CSTR. Regardless of the improved mathematical treatment, a significant number of presumptions lead to genuine reactor behaviour itself a long way from ideal conditions, for the most part with the limit and product distribution with huge deviations that might be caused by the particular flow path formation, distribution and dead zone [3] .
In studies with biological reactors used in the treatment of wastewater, the perfect mix, and the Plug-flow models are mentioned as ideal models. Nevertheless, flow-induced ideality deviations are caused regime phenomenon can occur within the reactor. Taking these idealities deviations into consideration, it is possible to get a better knowledge of what is occurring inside the reactor [4] .
Most of the biological reactors used/employed for wastewater treatment have not ideal hydrodynamic behaviour, but can be consider in a range of acceptable error, plug flow or complete mixing reactors [5] . Dead zones, channelling and short-circuiting are major issues inflow which can also describe by RTD. In some models, just ideal descriptions are available, like Ideal plug flow reactor, etc. [6] .
The main purpose of this study was to merge all theories of fluid dynamics and to use them in wastewater treatment to increase the flow efficiency in the reactor by using packed-beds, and to relate the packed beds with hydraulic performance in the reactors mentioned above. Biological packed-beds can be produced after this study to check the hydraulic behaviour, degradation performance and COD removal in wastewater treatment. Three types of packing materials (polyurethane, polyester and hydrophobic polyester) were used in this experiment to check their efficiencies in the way of the flow. The Performance of these packed-beds was tested with the effect of aeration and nonaeration. Reynold's number, dissociation constant and peclet number shows the properties regarding to the distribution and dispersion of flow. The flow rate also plays an important role in this experiment and its changes with the change in conditions (aerobic/anaerobic). In aeration section flow rate will be changed due to air pressure. Increase in flow rate can cause turbulent flow, in such conditions it's difficult to control the other parameters. So the clear knowledge about the hydraulic characteristics is essential to select the packing material and type of reactor for better efficiency.
Materials and Methods

Experimental setup
In this study for the calculation of RTD contains a, plastic tank with the capacity of 30 liter and 5 pyrex glass tubes. It consists of a pump that helps to flow the water and blend. Conductivity test was installed at the outlet in the tank. The stream of water is balanced utilizing a variable rheostat. Aeration is also part of the set-up so aeration pump installed at the inlet of the reactor (Figure 1a ).
Tracer tests
Tap water was used to create sustainability in a chemical reactor in this section for water flow guarantee. Tracer was injected by pulse method at the bottom of the filter. Low electrolyte arrangement of KCl (10 ml) is used as a tracer. The concentration of tracer was 1 mol/L. A dynameter was used named as WTW Inolab to check the conductivity. The value of conductivity was taken over every 2 minutes to measure the concentration. Calibration curved was used to find the concentration of KCl through its conductivity.
This experiment was done with the effect of aeration and no aeration. Flow has different characteristics with the effect of aeration and no aeration. The value of air in the aeration experiment was 1 L/ min.
Water movement in this experiment was from bottom to top. Water molecules and tracer move in the same way. There're 2-3 horizontal plates in reactors with pores in it. Movement of molecules doesn't affect by these pores (Figure 1b ).
Packed-beds properties
Polyurethane foam and polyester silk were used as packing material in this study, whose basic properties are showed in ( Table 1 ).
The wettability and hydrophilicity were determined by dynamic contact angle method. PPI is the unit of sponge aperture, which refers to the number of sponges within one inch.
Characterization of the reactor
The distribution of residence times is more often linked to the reactor's performance. In the real reactor, the reactor volume and remaining of molecules for time (t) is dependent on hydrodynamics and the structure of the reactor. So, in this way residence time can vary from mean residence time. To show the blending of the reactor and the quality of error, comparing the mean residence time (T s ), which was calculated by the RTD and residence time (τ).
If mean residence time is less than τ, then there will be dead volume and if it will be higher than τ then there will be a short circuit.
Distribution functions of residence time
The values obtained by the tracer concentration, we used various functions of RTD by the values obtained from tracer concentrations. The dispersion capacity of residence time E(t) given by the relationship [7] 
The cumulative function derives from [7] ( )
Internal age distribution I(t), by [7] ( ) ( )
Intensity relationship A(t) described by [8] (
The reactor does not work well in the presence of dead volume and short-circuit. But it does not show this behaviour as an increase in monotonically for a long time. Presence of short-circuiting and dead volume can be checked by this shape. 
Sci Forschen
Determined parameters and methods
To calculate the mean residence time, the tracer was injected with the pulse method. The concentration at a different flow rate (as mentioned in table 3 ) measured with the use of a different type of packed-bed with the involvement of air and without air. Every concentration has different restitution curve by which the RTD can be estimated. The conductivity found out at the outlet can describe the concentration of tracer in the mixture. Existence of electrolyte provokes the modification in conductivity.
This pre-experiment was done to check the flow behavior in the reactor to use it in the field of wastewater treatment. Packed-beds in this experiment used as absorbent for tracer. For the further studies these absorbent can be used to decrease the TSS of wastewater (as mentioned above). Amount of tracer decreased in this experiment from bottom to top (Figure 2 ).
Modelling
The basic hydrodynamic model can be determined by the calculation of the dimensionless Peclet number (P e ) from experimental RTD curves. P e is characterized as: 
P e can be increased by it, it is presumed that for a long time (t), then diffusion will be zero (D=0), for long intervals of time (t), who compares the most extreme Peclet number exp (-P e ) goes to zero [7] .
So, by compressing
So, we can reduce the equation 8 
Results and Discussions
Pulse tracer technique was used to calculate the concentration at different flow rate with different packed-beds by calibration curve method (Figure 3 ). Change in concentration is because of electrolyte. Average residence time found out at these conditions. Change in concentration with time for different flow rates, packedbed effects, and air effects (Figure 4) . 
Parameters Formulas
Variance σ 2 | (t s )2-(t s ) | The shape of the curve is the same as the factor of concentration. The deviation in curves is the same as the ideal PFR reactor [7] .
Mean residence time ∑tC(t)Δt / ∑c(t)Δt
The parameters of RTD were measured with the use of following formulas ( Table 2) . (Table 3) .
Summary table of RTD parameters
When we compare the value of variance and mean residence time with different packed-beds and without packed-bed, means residence time decreases with the use of polyurethane and increase with the use of polyester, but when the air was added to this process, these both values decrease while usage of any packed-bed or without packed-bed.
Retaining the time of molecules in the reactor
The residence time of molecules at any time can also be calculated in this reactor with the following formula:
Spending the time of molecules can be found by this formula at any place [9] .
Value of E(t) increased with the increase in time but for a specific time. After half-life of the experiment, it started to decrease again the maximum value of E(t) obtained in this experiment was at the middle point of time duration. So different remaining time of molecules in the reactor can find at different places in the presence of different bio packed-beds. So also, in this way, we can evaluate them with the help of this term.
Depiction of the parameters of RTD
Many parameters of RTD can be measured by the concentration. For example, distributed function E(t), cumulative function F(t). The relationship between these parameters is shown in ( Figure 5 ).
As discussed above, the value of E(t) increased with the increase in time but for a limited time, F(t) showed the same behaviour in this experiment. As we know F(t) is directly proportional to E(t) and time. So, with the same values of E(t), F(t) will also show the same results. 
Flow modelling
Patterns of flow can change generally in an ideal reactor; the characterization of the flow can be done by finding axial dispersion coefficient and Peclet number (P e ). The estimations of P e and D a are given in (Table 4 ).
The Peclet number was measured by equation 8. P e does not change for higher value, but in the case of lower P e , there will be clear change. The conclusion from these outcomes is that the axial dispersion model starts to crash as P e is going to zero. When an open limit condition is utilized at the outlet. The P e draws nearer to small cause back mixing, or that the diffusive motion turns out to be progressively critical contrasted and the convective transition [10] . In an open system, it is likewise sketchy whether the genuine reaction C(t) could be related to E(t). Moreover, the irrespective close system picked, it is hard to visualize that C is autonomous of spiral position in vast degrees of back mixing, a presumption that is verifiable if outspread scattering is disregarded.
Conclusion
The aim of this work was to find out the working efficiency in PFR. Moreover, we will compare the results of this experiment with our further study of the flow behavior of micro and macro tubes and also with bio packed-beds. Tracer's pulse technique was used to evaluate the difference between these packed-beds in the reactor with aeration and no aeration. It was necessary to calculate the dynamics of fluid in a reactor through E(t). This function symbolizes the hydraulic behavior of tracer in the system. In the results, the Peclet number (P e ) and axial differential coefficient (D a ) were also found to study the nature of the flow. By this information, it can be known that in which nature of flow (laminar, transitional or turbulent) wastewater can be treated very well. These parameters will affect the removal rate of ingredients in wastewater. This mechanism can be used for the treatment of activated sludge in the presence of bio packing material (biofilms). After knowing about the performance, it can be decided that polyurethane packed-bed is best to treat the wastewater in the reactor in the presence of aeration function because the fluid spent more time in the reactor in the presence of this packed-bed than the other. 
